Loss of TMEM106B Ameliorates Lysosomal and Frontotemporal Dementia-Related Phenotypes in Progranulin-Deficient Mice. by Zoe Klein, et al.
















-LIAL;G CH  ?FFOF;L +?OLIM=C?H=?
 +?OLI>?A?H?L;NCIH /?J;CL






























!;81;+7>537 	 +7. 

 +;/ +<<8-3+=/. @3=2 </?/;+5 -86687
7/>;8./1/7/;+=3?/ .3<8;./;< 37-5>.371 0;87=8=/698;+5 58,+; ./1/7/;+=387 % 


 ?+;3+7= 68.303/< 	+<<8-3+=/. % ;3<4 8@/?/; =2/3; 0>7-=387+5
;/5+=387<239   +7. =2/ 6/-2+73<6< >7./;5B371 =2/ ;3<4 68.303-+=387 ;/6+37
>7-5/+;/;/><371=;+7<-;39=863-+7.9;8=/863-+7+5B</<@3=2	+7.
63-/@/<28@=2+=@235/6>5=395/5B<8<86+5/7CB6/<+;/37-;/+</.37	,;+37+=
,8=2 =;+7<-;39=387+5 +7. 9;8=/37 5/?/5< %	 ./03-3/7-B -+></< ;/.>-=387 37
</?/;+5 5B<8<86+5 /7CB6/< #/6+;4+,5B  ./5/=387 0;86 	 63-/
78;6+53C/<5B<8<86+59;8=/375/?/5<+7.;/<->/<%;/5+=/.,/2+?38;+5+,78;6+53=3/<
+7.;/=37+5./1/7/;+=387@3=28>=369;8?37153980><-37	:8;63-;8153+5+-->6>5+=387
/-2+73<=3-+55B %	 ,37.< ?+->85+;%!+</ +--/<<8;B 9;8=/37 	 !	
%	 ./03-3/7-B ;/.>-/< ?+->85+;%!+</ !	 +7. ' <>,>73=< 369+3;371














-LIAL;HOFCH -$/+ CM ; QC>?FS ?RJL?MM?> M?=L?N?> AFS=IJLIN?CH NB;N JF;SM ; LIF? CH
>?P?FIJG?HN
 QIOH> L?J;CL
 ;H> NOGILCA?H?MCM &H NB? =?HNL;F H?LPIOM MSMN?G
 -$/+ CM
?RJL?MM?><SH?OLIHM;H>GC=LIAFC;%;JFICHMO@@C=C?H=S>O? NIB?N?LITSAIOM FIMMI@@OH=NCIH







  /;L? BIGITSAIOM  GON;NCIHM =;OM? H?OLIH;F =?LIC>
FCJI@OM=CHIMCM+ )0GCNB?N;F
0?P?L;FJL?PCIOMA?H?NC=MNO>C?MB;P?;FMIMOAA?MN?>







1*"* Q;M CHCNC;FFS >?M=LC<?> ;M ; LCMEGI>C@C?L I@ #1)!1!- <S ; A?HIG?QC>?
;MMI=C;NCIHMNO>S $40 +C=BIFMIH;H>/;>?G;E?LM
#1)!1!-LCME;MMI=C;NCIH CM
CH=L?;M?> CH  GON;NCIH =;LLC?LM QB?L? MCHAF?HO=F?INC>? JIFSGILJBCMGM 0+-M CH
 
	 L?>O=? >CM?;M? J?H?NL;H=? #CH=B ?N ;F





















!?MJCN? ;H IP?LF;JJCHA LIF? I@ ;H>  
	 CH H?OLI>?A?H?L;NCP? >CMIL>?LM

NB?CL @OH=NCIH;F L?F;NCIHMBCJ CH NB? <L;CH ;MQ?FF ;M NB? >CM?;M? JLI=?MM?M L?G;CHM OHEHIQH
-$/+ CM NBIOABN NI B;P? H?OLINLIJBC= ;H> ;HNCCH@F;GG;NILS ?@@?=NM CH NB? <L;CH %IQ?P?L








 ;H> aAFO=I=?L?<LIMC>;M? %O ?N ;F
  'C;H ?N ;F
 ;
7BIO ?N ;F
  )SMIMIG;F JLIN?CHM
 QBC=B ;==OGOF;N? CH+ )
 B;P? ;FMI <??H @IOH> NI
;==OGOF;N? CH #1)!1!-J;NC?HNMQCNBGON;NCIHM $INTF ?N ;F
  1*"* CM ;
NL;HMG?G<L;H? JLIN?CH NB;N FI=;FCT?M NI NB? ?H>IFSMIMIG;F G?G<L;H? L;>S ?N ;F
 
 B?H-FINECH ?N ;F
  );HA?N ;F










;H>1*"*JF;S; =LCNC=;F LIF? CH FSMIMIG;F <CIFIAS1I>;N?
1*"* FIMMI@@OH=NCIH
B;M <??H CHP?MNCA;N?> ,/ 6,420




1I CHP?MNCA;N? ?@@?=NM I@ 1*"* FIMMI@@OH=NCIH IH <L;CH @OH=NCIH ,/ 6,60 ;H> CNM
L?F;NCIHMBCJ NI -$/+
 Q? =L?;N? 1*"*>?@C=C?HN  .(.
	% GC=? ;H> J?L@ILG
NL;HM=LCJNIGC=;H>JLIN?IGC=;H;FSM?MOMCHAGIHNBIF>2/;H> .(.
	%GC=?4BCF?
FSMIMIG;F >SML?AOF;NCIH CM NB? GIMN JLIGCH?HN ?;LFS =B;HA? @IOH> CH 2/ <L;CH ;N <INB
NL;HM=LCJNCIH;F ;H> JLIN?CH F?P?FM
  .(.
	% <L;CH MBIQM IJJIMCN? =B;HA?M CH M?P?L;F
FSMIMIG;F?HTSG?M;N NB?JLIN?CH F?P?F$CP?H NB?IJJIMCN?JLIN?CH=B;HA?M CHHOFFGC=?;H>
NB? A?H?NC= CHN?L;=NCIH CH #1)!1!-
 Q? =LIMM?> NB?M? GIOM? MNL;CHM /?G;LE;<FS





 CGJ;CLG?HN CH FSMIMIG;F ;=C>C@C=;NCIH
 ;H> NB?L?<S HILG;FCT?M FSMIMIG;F ?HTSG?
;=NCPCNS CH2/H?OLIHM1B?M?L?MOFNMJLIPC>?HIP?F CHMCABNM CHNI1*"*<CIFIAS CH NB?
<L;CH







%;+7<-;39=863- +7. 9;8=/863- +7+5B</< ;/?/+5 158,+5 5B<8<86/ .B<0>7-=387 37	
,;+37











 ; 6CH ?N ;F
 < 1B?L?@IL?





; );<?F#L?? .O;HNCN;NCIH )CKOC>  BLIG;NIAL;JBS *;MM 0J?=NLIG?NLS )#.) *0  1B?
JLIN?IGC= N?=BHCKO? =;F=OF;N?> F?P?FM <;M?> IH NB? HILG;FCT;NCIH NI NB? NIN;F JLIN?CH
;<OH>;H=?CH?;=BM;GJF?QCNB;#;FM?!CM=IP?LS/;N?I@#CAOL?1B?/+0?K;H>
)#.) *0 ;H;FSM?M C>?HNC@C?>  A?H?M ;H>  JLIN?CHM >C@@?L?HNC;FFS ?RJL?MM?> !"

L?MJ?=NCP?FS
 <?NQ??H 41 P?LMOM 2/ <L;CHM 4? NB?H J?L@ILG?> A?H? IHNIFIAS $,
;H;FSMCMI@ NB?!"MJ?=C?M CH<INB;H;FSM?MOMCHA("$$J;NBQ;SM &HN?L?MNCHAFS
 CH NB?<INB
=;M?M
 NB? $, ;H;FSMCM C>?HNC@C?> FSMIMIG? ;M NB? GIMN MCAHC@C=;HNFS ?HLC=B?> N?LG ;@N?L
IH@?LLIHC =ILL?=NCIHQCNB  ;H>  A?H?M C>?HNC@C?> ;M J;LN I@ NB? J;NBQ;S CH/+0?K ;H>
)#.) *0
 L?MJ?=NCP?FS #CAOL?  4? NB?L?@IL? =IGJ;L?> ;FF !" A?H?M C>?HNC@C?> <S
/+0?K;H>)#.) *0QCNB GIOM? FSMIMIG;F A?H?MIH1B?*IOM?)SMIMIG;F$?H?
!;N;<;M?BNNJFSMIMIG?OHCJACNGIOM?JBJ
;H> C>?HNC@C?>;H>!" FSMIMIG;FA?H?M
CH /+0?K ;H> )#.) *0
 L?MJ?=NCP?FS +IN;<FS
 GIMN FSMIMIG;F A?H?M C>?HNC@C?> ;L?
OJL?AOF;N?>CH<INB;H;FSM?MIONI@CH/+0?K;H>IONI@CH)#.) *0#CAOL?





FSMIMIG;F;MMI=C;N?> G?G<L;H? JLIN?CH  )*- ;H> )*- ;H> a MO<OHCN I@
 
B?RIM;GCHC>;M? %?R CHJLIN?CHH;G?M CH/+0?K #CAOL?!;H>1;<F?0 &H;>>CNCIH NI
 ;N;H> ;N)
NLCJ?JNC>SFJ?JNC>;M?1--;H>>CJ?JNC>SFJ?JNC>;M?!--&&Q?L?;FMICH
NB? !" FSMIMIG;F A?H?M CH )#.) *0 ;H;FSMCM #CAOL? " ;H> 1;<F? 0 1B?M?
NL;HM=LCJNIGC=;H>JLIN?IGC=;H;FSM?M=F?;LFSMOAA?MN FSMIMIG;F>SML?AOF;NCIH;MIH?I@ NB?
?;LFC?MNAFI<;F=B;HA?MI==OLLCHACH2/<L;CH;N<INBNL;HM=LCJNCIH;F;H>JLIN?CHF?P?FM
M -$/+ CM NBIOABN NI <? CHPIFP?> CH GC=LIAFC;F H?OLICH@F;GG;NCIH



















 NB?M? L?MOFNMMOAA?MN NB;N-$/+>?@C=C?H=SB;MHI?@@?=NMIH NSJC=;F




1I P;FC>;N? NB? @CH>CHAM I@ NB? /+0?K ;H> )#.) *0 ;H;FSM?M
 Q? @CLMN J?L@ILG?>













 F;LA?FS >LCP?H <S CH=L?;M? CH HOG<?L I@ !--&&JIMCNCP? JOH=N; #CAOL?  # !IO<F?
CGGOHI@FOIL?M=?H=? QCNB ;HNC+?O+ ;HNC<I>S MBIQM JL?>IGCH;HN H?OLIH;F ;==OGOF;NCIH I@
!--&& #CAOL? ! &H ;>>CNCIH
 NB? G;AHCNO>? I@ CH=L?;M? CH !--&&JIMCNCP? ;L?; >I?M HIN
=B;HA? @LIGGIHNBMI@;A? NIGIHNBMI@;A? CH NB?=ILN?R<ON CH=L?;M?MMFCABNFS<S
GIHNBM I@ ;A? CH NB? NB;F;GOM #CAOL? " ;H> # 4? ;FMI G?;MOL?> FSMIMIG;F ?HTSG?




 ;H> %?R 0 ?HTSG? ;=NCPCNC?M CH2/ <L;CH
FSM;N? ;L? ;FMI CH=L?;M?> ;@N?L  GIHNBM I@ ;A? ;H> NB? CH=L?;M?> ;=NCPCNC?M ;L? MOMN;CH?>
NBLIOABGIHNBMI@;A?
MOAA?MNCHANB;NNB?CH=L?;M?>FSMIMIG;F?HTSG?MCH2/<L;CH;L?
JLIJ?LFS @IF>?> ;H> @OH=NCIH;F #CAOL? $& #OLNB?LGIL?






JLCG;LS =OFNOL?> =ILNC=;F H?OLIHM OMCHA ; 8%9 F?O=CH? JOFM?=B;M? G?NBI> (;OMBCE ;H>
 O?LPI









 #CAOL? 0 1BOM






















 CNM ,/6,60 LIF? CH NB?<L;CH;H> CNM L?F;NCIHMBCJ NI-$/+L?G;CH
OH=F?;L 1I ;>>L?MM NB?M? KO?MNCIHM
 Q? A?H?L;N?>  .(.





=IGJ;L;<F? F?P?F I@ 1*"* G/+
 MOAA?MNCHA NB? JL?M?H=? I@ =IGJ?HM;NILS
G?=B;HCMGMI@1*"*OJL?AOF;NCIHOJIH>?F?NCIHI@IH? .(.
	%;FF?F?#CAOL?0 










1I =B;L;=N?LCT? NB?  .(.





 /+0?K ;H;FSMCM MBIQM GCHCG;F =B;HA?M  !" A?H?M <?NQ??H 41 P?LMOM
 .(.
	% ;H> NB? IHFS >C@@?L?HNC;FFS ?RJL?MM?> FSMIMIG;F A?H? ;GIHAMN  GIOM?
FSMIMIG;F A?H?M Q;M 1*"* CNM?F@ #CAOL?  ;H> 1;<F? 0 1BOM
 1*"*





 QBC=B Q? JL?PCIOMFS @IOH> NI <? OJL?AOF;N?> CH 2/ <L;CH #CAOL? 
 ;L?
>IQHL?AOF;N?> CH  .(.
	% <L;CH GIHA NB? JLIN?CHM NB;N =B;HA?> CH NB? IJJIMCN?
>CL?=NCIH ;L? NB? JLIN?;M?M  ;N
  ;N)







$CP?H NB? IJJIMCHA FSMIMIG;F JLIN?CH JB?HINSJ?M CH NB? NQI HOFFGIOM? FCH?M ;H> NB?
BOG;H A?H?NC= CHN?L;=NCIH #CH=B ?N ;F
  3;H !??LFCH ?N ;F
 
 Q? MIOABN NI N?MN






CH NB?M? JLIN?CHM F?P?FM 0NLCECHAFS
 NB? >IO<F? EHI=EION 2/  .(.
	% <L;CH B;M
HILG;FCT?>!--&&;H> ;NF?P?FM?KO;FNI41F?P?FM4BCF?)*-CMHINMCAHC@C=;HNFS>C@@?L?HN
CH2/GC=? ;N NBCM ;A?
 .(.
	% M;GJF?M B;P? >?=L?;M?> )*- F?P?FM ;H> CH NB?
2/  .(.
	% <L;CH )*- F?P?FM ;L? HILG;FCT?>





;L?; ;H> JOH=N; CH NB;F;GOM ;H> =ILN?R I@ 2/ GC=? CM @OFFS HILG;FCT?> <S FIMM I@





 HI MCAHC@C=;HN =B;HA?M ;L? I<M?LP?> @IL %?R 0 ;=NCPCNS #CAOL? #%

MOAA?MNCHA NB;N1*"*>?@C=C?H=S L?M=O?MGIMN <ON HIN ;FF FSMIMIG;F ?HTSG?;=NCPCNC?M
1B?!--&&;H>1--;=NCPCNC?MG?;MOL?> CHJLCG;LSH?OLIH;F=OFNOL?M;FMIMBIQ;MCAHC@C=;HN
>?=L?;M? CH NB?CL ;=NCPCNS CH  .(.
	% ;H>IL 2/  .(.
	% =IGJ;L?> NI 2/
#CAOL? & ;H> ' N NB? @OH=NCIH;F F?P?F
 ; JOFM?=B;M? ?RJ?LCG?HN MBIQM NB;N FSMIMIG;F
JLIN?IFSMCM I@2/ .(.
	% JLCG;LS =OFNOL?> =ILNC=;F H?OLIHM CM =IGJ;L;<F? NI NB;N I@
41H?OLIHM #CAOL? ( 1IA?NB?L





4? H?RN MIOABN NI OH>?LMN;H> NB? G?=B;HCMG <S QBC=B 1*"* >?@C=C?H=S
HILG;FCT?M NB? FSMIMIG;F?HTSG?>SML?AOF;NCIHM1*"*>?@C=C?H=SB;MHIMCAHC@C=;HN
?@@?=N IH NL;HM=LCJNCIH;F F?P?FM #CAOL? 
 NB? HILG;FCT;NCIH Q? I<M?LP? CH >IO<F? >?F?NCIH
2/  .(.







31-;M? 3 >IG;CH MO<OHCNM 3;
 3=
 ;H> 3> ;H> ;==?MM;LS JLIN?CH  - ;L?
MCAHC@C=;HNFS >IQHL?AOF;N?> CH  .(.




?@@?=N IH 31-;M? F?P?FM ;H> =B;HA?M CH 31-;M? 3 >IG;CH MO<OHCNM ;L? =;OM?>
M?F?=NCP?FS<S1*"*FIMM
M 31-;M? CM L?MJIHMC<F? @IL FSMIMIG;F ;=C>C@C=;NCIH  IF;=OL=CI ;H> +CRIH
 
 INN?L ?N ;F
  #ILA;=
  *CH>?FF
  1I?C ?N ;F
 
 Q? ?R;GCH?> QB?NB?L










	% H?OLIHM #CAOL? !
 #
 &
 #CAOL? 0 ;H> 0   +IN IHFS CM ;=C>C@C?>
FSMIMIG;F ;L?; >?=L?;M?>
 <ON NB? @FOIL?M=?HN CHN?HMCNS >?N?=N?> QCNBCH NBCM ;L?; <S
)SMI1L;=E?LCM;FMI>?=L?;M?>MCAHC@C=;HNFS<SFIMMI@1*"*#CAOL?$
#CAOL?0;H>
0  1B?L? CM ;  >?=L?;M? CH CHN?AL;N?> CHN?HMCNS I@ FSMI1L;=E?L MCAH;F CH H?OLIHM
 
F;=ECHA 1*"* #CA % ;H> #CA 0 ;H> 0  1BOM
 1*"* >?@C=C?H=S CGJ;CLM
FSMIMIG;F;=C>C@C=;NCIH







  7B;HA ?N ;F
 
 IH !--&& ;H> 1-- ?HTSG? ;=NCPCNC?M ;H> FSMIMIG;F
JLIN?IFSMCM CH 2/ JLCG;LS =OFNOL?> =ILNC=;F H?OLIHM 1L?;NG?HN QCNB ;@ @IL  >;SM
MCAHC@C=;HNFS >?=L?;M?M!--&& ;H> 1-- ?HTSG? ;=NCPCNS ;H> FSMIMIG;F JLIN?IFSMCM CH2/
H?OLIHM#CAOL?0 1B?M?L?MOFNMMOAA?MNNB;N CGJ;CLG?HN CH FSMIMIG;F;=C>C@C=;NCIH=;H





$CP?H NB;N 1*"* >?@C=C?H=S =;OM?M >IQHL?AOF;NCIH I@ 31-;M? 3 >IG;CH




!!(N;AA?> 31-;M? 3 >IG;CH ;H> - MO<OHCNM &HN?L?MNCHAFS
 GS=!!(N;AA?> 3
1-;M?- CMMNLIHAFS=ICGGOHIJL?=CJCN;N?>QCNB1*"*$#-QBCF?GS=!!(N;AA?>
31-;M? 3 >IG;CH MO<OHCNM 3= ;H> 3> ;L? IHFS Q?;EFS =ICGGOHIJL?=CJCN;N?> QCNB
1*"*$#- #CAOL?;H>
 MOAA?MNCHA NB;N1*"*<CH>M31-;M?PC;-
4?Q?L? OHMO==?MM@OF CH IP?L?RJL?MMCHA31-;M?3; >;N; HIN MBIQH M ; FSMIMIG;F
JLIN?CH =IHNLIF
 GS=!!(N;AA?>  ;N CM HIN =ICGGOHIJL?=CJCN;N?> QCNB 1*"*$#-






1B?M? L?MOFNM MOAA?MN NB;N FOG?H;F M?AG?HN I@ 1*"* =IHNLC<ON?M MO<MN;HNC;FFS NI
1*"*CHN?L;=NCIHNI31-;M?-&H=IGJF?N?FIMMI@=I&-I@31-;M?-<SNB? 
N?LGCH;F >?F?NCIH BIQ?P?L ;FMI MOAA?MNM NB;N NB? NL;HMG?G<L;H? >IG;CH J;LNC=CJ;N?M CH NB?
JLIN?CH ;MMI=C;NCIH ;M Q?FF 1BOM
 JBSMC=;F CHN?L;=NCIH I@ 1*"* ;H> 31-;M? -
JLIPC>?M;G?=B;HCMG@ILL?AOF;NCIHI@FSMIMIG;F;=C>C@C=;NCIH<SFIMMI@1*"*

8<< 80 %	 .8/< 78= ;/<->/ =2/ 53980><-37 98<3=3?/ 63-;8153+ +7.
-8695/6/7=	:92/78=B9/<37	,;+37
?=;OM? 1*"* >?@C=C?H=S L?M=O?M =?LN;CH ;MJ?=NM I@ FSMIMIG;F ?HTSG?
>SML?AOF;NCIHCH2/GC=?
Q?MIOABNNI=F;LC@SQB?NB?L1*"*>?@C=C?H=SQIOF>JL?P?HN
;==OGOF;NCIH I@ FCJI@OM=CH CH GIHNBIF>2/GC=?  .(.









?R;GCH?> QB?NB?L  .(.
	% >?F?NCIH ;@@?=NM ;==OGOF;NCIH I@  !JIMCNCP? GC=LIAFC; ;H>
 K >?JIMCNCIH CH 2/ GC=? .O;HNCN;NCP? L?;FNCG? - / ;H;FSM?M MBIQ NB;N FIMM I@
1*"* >I?M HIN JL?P?HN NL;HM=LCJNCIH;F OJL?AOF;NCIH I@ K ;H> K CH GIHNBIF>
2/ GC=? #CAOL? 0  ! ;H>  K CGGOHIMN;CHCHA MBIQ NB;N 1*"* >?@C=C?H=S
>I?MHIN L?P?LN NB? CH=L?;M? CH?CNB?L !CGGOHIL?;=NCP?;L?; #CAOL?;H>"IL K






$CP?H NB? >CP?LA?HN ;<CFCNS I@ 1*"*>?@C=C?H=S NI L?M=O? FSMIMIG;F JLIN?CH F?P?FM
<ON HIN FCJI@OM=CHIMCM GC=LIAFC;F IL =IGJFCG?HN JB?HINSJ?M







;=NCPCNS =IGJ;L?> NI 41 &HN?L?MNCHAFS
 2/  .(.






4? NB?L?@IL?;FMI?R;GCH?><?B;PCILI@GIHNBIF>2/GC=? CH NB?=IHN?RNI@
NB??F?P;N?>JFOMG;T?*C=?A?H?L;FFSJL?@?LNB??H=FIM?>;LGMI@NB?G;T?;H>MJ?H>F?MM







>C@@?L?HN <?NQ??H NB? A?HINSJ?M >;N; HIN MBIQH 1;E?H NIA?NB?L
 NB?M? >;N; MBIQ NB;N CH








NB? L?NCH;F >?A?H?L;NCP? JB?HINSJ? CM ;FMI @IOH> CH -$/+>?@C=C?HN #1)! ;M Q?FF ;M + )
%;@F?L ?N ;F
  4;L> ?N ;F
  ,OL JL?FCGCH;LS ?RJ?LCG?HNM MBIQ NB;N NB? L?NCH;F
>?A?H?L;NCIH =;H <? >?N?=N?> CH 2/ GC=? ;M ?;LFS ;M  GIHNBM I@ ;A? OHJO<FCMB?>
 
I<M?LP;NCIHM 4? NB?L?@IL? N?MN?> QB?NB?L 1*"* >?@C=C?H=S GI>OF;N?M NB? L?NCH;F
>?A?H?L;NCIHOMCHAGIHNBIF>;HCG;FM4BCF?CGGOHIMN;CHCHA@ILLH;
;NL;HM=LCJNCIH@;=NIL
?RJL?MM?> CH GIMN L?NCH;F A;HAFCIH =?FFM +;>;F+C=IF;M ?N ;F
  MBIQM ; JLIAL?MMCP?
>?A?H?L;NCIH I@ LH;JIMCNCP? L?NCH;F A;HAFCIH =?FFM CH 2/ GC=?
 NB?L? CM HI MCAHC@C=;HN
>C@@?L?H=? CH NB? LH;JIMCNCP? =?FFM <?NQ??H 41
  .(.
	%
 ;H> 2/  .(.
	%
L?NCH;M #CAOL?   ;H> ! M @IL <L;CH
 1*"* >?@C=C?H=S B;M HI MCAHC@C=;HN ?@@?=N IH
FCJI@OM=CH;==OGOF;NCIH CH2/ L?NCH; #CAOL?";H>#CAOL?04?;FMI N?MN?>QB?NB?L
1*"*>?@C=C?H=S ;@@?=NM !JIMCNCP?GC=LIAFC;F ;==OGOF;NCIH CH2/ L?NCH;4?>C>
HIN I<M?LP? ;HS MCAHC@C=;HN =B;HA? CH  !JIMCNCP? CGGOHIL?;=NCP? ;L?; CH 2/
 .(.
	% L?NCH;







1B? G;DIL @CH>CHA I@ NBCM MNO>S CM NB;N 1*"* >?@C=C?H=S ;G?FCIL;N?M HIN IHFS
FSMIMIG;F>SML?AOF;NCIH<ON;FMI#1)!L?F;N?><?B;PCIL;F;H>L?NCH;F>?A?H?L;NCP?JB?HINSJ?M
CH 2/ GC=? &GJILN;HNFS
 ;==OGOF;NCIH I@ FCJI@OM=CH
  !JIMCNCP? GC=LIAFC; ;H>
=IGJF?G?HN KCH2/GC=?CMHINL?P?LN?><S1*"*FIMM&H;>>CNCIH
Q?@IOH>NB;N
1*"* JBSMC=;FFS CHN?L;=NM QCNB 31-;M? ;H> NB;N FIMM I@ 1*"* =;OM?M
>IQHL?AOF;NCIH I@ 31-;M? 3 >IG;CH ;H> CGJ;CLG?HN CH FSMIMIG;F ;=C>C@C=;NCIH
 NB?L?<S













A?H?M @LIG NL;HM=LCJNIGC= ;H> JLIN?IGC= ;H;FSM?M I@ GIHNBIF> 2/ GC=? C>?HNC@C?>
FSMIMIG? ;M NB?GIMN MCAHC@C=;HNFS ?HLC=B?> N?LGM





I@ -$/+ >?@C=C?H=S /IM?H ?N ;F ONCFCT?> GC=LI;LL;S NL;HM=LCJNIG? JLI@CFCHA I@ B+- M QCNB
 EHI=E>IQH
 #1)!1!- JIMNGILN?G <L;CH
 ;H>2/GC=? 1B? L?MOFNM I@ NB?
MNO>SCH>C=;N?NB;N4HNMCAH;FCHACM;FN?L?>;M;L?MOFNI@ -$/+>?@C=C?H=S/IM?H?N;F

 L?=?HNMNO>SOMCHA NL;HM=LCJNIG?JLI@CFCHAOMCHAGC=LI;LL;SI@2/GC=?<L;CHMBIQM NB;N
NB?=IGJF?G?HNJ;NBQ;SCM>SM@OH=NCIH;F)OC?N;F
1B?M?NQIMNO>C?M>C@@?L@LIGIOLM
CH E?S Q;SM MO=B ;MGIOM? FCH?M
 ;A?M









H?OLIHM =F?;LFS MOAA?MN NB;N FSMIMIG;F >SM@OH=NCIH I==OLM JLIGCH?HNFS CH H?OLIHM 1B?
G?=B;HCMGM <S QBC=B -$/+ >?@C=C?H=S =;OM?M NL;HM=LCJNCIH;F ;H> JLIN?CH OJL?AOF;NCIH CH
FSMIMIG?CM=OLL?HNFSOH=F?;L;H>L?KOCL?M@OLNB?LCHP?MNCA;NCIH
-$/+ CM ;FMI NBIOABN NI <? CHPIFP?> CH GC=LIAFC;F H?OLICH@F;GG;NCIH %IQ?P?L
 IOL




 &<;;H> !< CHGIHNBIF>2/<L;CH























 MNL;CHM MOAA?MNM NB;N OJL?AOF;NCIH CH FSMIMIG;F A?H?M ;H>GC=LIAFC;F 1+$ ?RJL?MMCIH ;L?








	 CH NB?<L;CH ,/6,60OMCHA .(.
	%GC=?S
OMCHA )#.) *0 ;H> <CI=B?GC=;F N?=BHCKO?M





1B?M? L?MOFNM =F?;LFS MOAA?MN NB;N  




;H ?HTSG? L?AOF;NCHA FSMIMIG;F ;=C>C@C=;NCIH






;=C>C@C=;NCIH OM=B ?N ;F
   B?H-FINECH ?N ;F
 
 ;FNBIOAB NB? OH>?LFSCHA
G?=B;HCMGM ;L? OH=F?;L 0CGCF;L L?MOFNM @LIG IP?L?RJL?MMCIH ;H> EHI=EION ?RJ?LCG?HNM
MOAA?MN NB;NQ?FF=IHNLIFF?><;F;H=?I@1*"* F?P?FMGCABN<?=LCNC=;F NIG;CHN;CHJLIJ?L
FSMIMIG;F;=C>C@C=;NCIH







IOL /+0?K ;H;FSMCM OMCHA GIHNBIF>  .(.
	% GC=? BIQ?P?L MBIQ?> IHFS ; GCHIL
















==OGOF;NCHA ?PC>?H=? MOAA?MNM NB;N FSMIMIG;F >SML?AOF;NCIH JF;SM ; LIF? CH #1)! ;M













>?@C=C?HN #1)!1!- B;P? <??H OH=F?;L &GJILN;HNFS






GC=? F?;>M NI ; L?P?LM;F I@ NB? FSMIMIG;F JB?HINSJ? M??H CH CH>CPC>O;F EHI=EIONM 1B?
IJJIMCHA;=NCIHMIHFSMIMIG;F<CIFIAS<S<INBI@NB?M?#1)!;MMI=C;N?>JLIN?CHMG;SJLIPC>?
=FO?M ;M NI BIQ  








;==OGOF;NCIH I@  !JIMCNCP? GC=LIAFC; ;H> =IGJF?G?HN  K
 MOAA?MNCHA NB;N FSMIMIG;F
>SM@OH=NCIH
 L;NB?L NB;H GC=LIAFC;F ;H> 1+$ =B;HA?M
 G;S JF;S ; =?HNL;F LIF? CH NB?





I@ 31-;M? 3 >IG;CH MO<OHCNM
 HI MCAHC@C=;HN =B;HA?M CH NB?M? MO<OHCNM ;N <INB




;<?LL;HN31-;M? F?P?FM=;OM?><S-$/+>?@C=C?H=S1BCM CMJ;LNC;FFSMOJJILN?><S NB? @;=N










==?F?L;N?> >?JIMCNCIH I@ FCJI@OM=CH
 ;ONI@FOIL?M=?HN FCJIJCAG?HN NB;N ;==OGOF;N?M CH
JIMNGCNINC==?FFMIP?LNB?FC@?NCG?I@;HILA;HCMG
CM@L?KO?HNFSI<M?LP?>CHH?OLI>?A?H?L;NCP?
>CMIL>?LM CH=FO>CHA + ) ;H> !  L?=?HN MNO>S B;M ;FMI L?JILN?> CH=L?;M?> FCJI@OM=CH CH
B?N?LITSAIOM  GON;NCIH =;LLC?LM 4;L> ?N ;F
  1B? GIF?=OF;L G?=B;HCMGM
OH>?LFSCHA CH=L?;M?> FCJI@OM=CH ;==OGOF;NCIH <S -$/+ >?@C=C?H=S ;L? =OLL?HNFS OHEHIQH &H
NB?JL?M?HNMNO>S
Q?@IOH>NB;N1*"*>?@C=C?H=SB;MHIMCAHC@C=;HN?@@?=NMIHFCJI@OM=CH
JB?HINSJ? CH 2/ GC=? >?MJCN? L?M=O? I@ >SM@OH=NCIH CH M?P?L;F FSMIMIG;F JLIN?IFSNC=
 
?HTSG?M 1BCM L?MOFN MOAA?MNM NB;N L?M=O? I@ FCJI@OM=CH G;S L?KOCL? ; <LI;>?L IL >C@@?L?HN
=ILL?=NCIH I@ FSMIMIG;F ?HTSG?M CH2/GC=? &GJILN;HNFS
 CH=L?;M?>%?R0 ;=NCPCNS I@
2/ GC=? CM HIN ;@@?=N?> <S 1*"* FIMM MOAA?MNCHA NB?S ;L? =LCNC=;F CH FCJI@OM=CH
;==OGOF;NCIHCHNBCMMNL;CH#OLNB?LMNO>C?MQCFF<?H??>?>NI=F;LC@SQBC=BFSMIMIG;F?HTSG?M
;L? CHPIFP?> CH FCJI@OM=CH @ILG;NCIH ;MMI=C;N?> QCNB -$/+ FIMM %IQ?P?L
 Q? B;P? MBIQH
;G?FCIL;NCIH I@ L?NCH;F >?A?H?L;NCIH CH2/ .(.
	%GC=?QCNBION CGJLIPCHA FCJI@OM=CH











GC=? OH=IP?LM NB? IJJIMCHA LIF? I@ NB?M? JLIN?CHM CH FSMIMIG;F ?HTSG? BIG?IMN;MCM &H
;>>CNCIH
 ;G?FCIL;NCIH I@ #1)!L?F;N?> JB?HINSJ?M CH 2/  .(.
	% GC=? MOAA?MNM
1*"*IL31-;M?CHBC<CNCIH;M;JIN?HNC;FNB?L;J?ONC=N;LA?N@IL-$/+>?@C=C?HN#1)!
1!- &N QCFF <? CGJILN;HN NI CHP?MNCA;N? QB?NB?L CGJ;CLG?HN CH FSMIMIG;F ;=C>C@C=;NCIH <S




&% # %#&% $
7(
 %1











4? NB;HE 0N?@;HI 0I>C @IL ;MMCMN;H=? QCNB GIOM? BOM<;H>LS ;H> 0OMOGO 1IGCN; QCNB
8%9F?O=CH?G?N;<IFC= F;<?FCHA4?;FMI NB;HENB?6;F?0=BIIFI@*?>C=CH?@IL @OH>CHANB?.























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































31>;/ 	 %;+7<-;39=863-< +7. 9;8=/863-< +7+5B</< ;/?/+5 158,+5 -2+71/< 37 =2/
5B<8<86+59+=2@+B37	63-/
!C;AL;G MBIQCHA NB? ?RJ?LCG?HN;F JLI=?>OL?M I@ NL;HM=LCJNIGC= ;H> JLIN?IGC= ;H;FSM?M
OMCHA41;H>2/;HCG;FM
$?H?,HNIFIAS$,;H;FSMCMI@/+0?K;H>)#.) *0>;N;M?NOMCHA("$$J;NBQ;SM
































































































31>;/  "$ +7+5B<3< ;/?/+5< ,3.3;/-=387+5 -87=;85 80 =2/ 5B<8<86/ 37
?<	63-/
!C;AL;G MBIQCHA NB? ?RJ?LCG?HN;F JLI=?>OL?M I@ NL;HM=LCJNIGC= ;H> JLIN?IGC= ;H;FSM?M
OMCHA .(.
	%;HCG;FM
3?HH >C;AL;G MBIQCHA NB? IP?LF;J <?NQ??H >C@@?L?HNC;FFS ?RJL?MM?> !" A?H?M 41 PM
 .(.
	%C>?HNC@C?><S/+0?K;H>GIOM?FSMIMIG;FA?H?M












/?JL?M?HN;NCP? CGGOHI<FINM QCNB ;HNC!--&&
 )*-
 ;H>  ;N ;HNC<I>C?M OMCHA NIN;F




 ;H> 2/  .(.
	%
GC=?
.O;HNC@C=;NCIH I@ CGGOHI<FINM @LIG *?;HZ M?G
 H  A?HINSJ?




























 ;H> 2/  .(.














FSM;N?M *?;H Z M?G
 H  A?HINSJ?
 J  
 J  








FSM;N?M *?;H Z M?G
 H  A?HINSJ?
 J  
 J  
 J   ,H?Q;S
+,3QCNB1OE?S^M1034+0&N?MN
















 ;H> 2/  .(.
	% =ILNC=;F
H?OLIHM *?;H Z M?G
 H   ?G<LSIM A?HINSJ?
 J   ,H?Q;S +,3 QCNB
1OE?S^M1034+0&N?MN




 ;H> 2/  .(.
	% =ILNC=;F
H?OLIHM *?;H Z M?G
 H   ?G<LSIM A?HINSJ?





 H   ?G<LSIM A?HINSJ?










C>?HNC@C?> CHOMCHA)#.) *0>;N;M?N -
 L;HE?><SJP;FO?/?F;NCP?M=;F? CM
L?JL?M?HN?><?FIQ!;N;;L?LIQHILG;FCT?>
 ;L AL;JBM A?H?L;N?> @LIG )#.) *0 ;H;FSMCM*?;H Z M?G J  





























 J   2HJ;CL?> 1N?MN 0CGCF;L L?MOFNM ;L? I<N;CH?> @LIG 
CH>?J?H>?HN?RJ?LCG?HNM
&  L?JL?M?HN;NCP? L?MOFN I@ KO;HNC@C=;NCIH I@ *-JIMCNCP? ;L?; CH 41 ;H>  .(.
	%
=ILNC=;F H?OLIHM *?;H Z M?G
















 J   ,H?Q;S +,3QCNB 1OE?S^M 1034 +0& N?MN <?NQ??H 1*$#-
&-M
 /?JL?M?HN;NCP?<FINMOMCHAI@=I&-?RJ?LCG?HNMOMCHA%"(1=?FFM?RJL?MMCHAG B?LLS



















31>;/  %	 ./03-3/7-B .8/< 78= ;/?/;= +-->6>5+=387 80 53980><-37 
98<3=3?/63-;8153++7.-8695/6/7=	:37	63-/












































 =ILN?R *?;H Z M?G
 H  ALIOJ J  
 J   ,H?Q;S +,3 QCNB
!OHH?NN^M1034+0&N?MN




































































1B? N;LA?NCHA P?=NIL -$0:: 






$"43, GC=? Q?L? =L?;N?> <S <F;MNI=SMN CHD?=NCIH I@ N;LA?N?> "0=?FF





 Q?L? I<N;CH?> @LIG NB? /&("+ CIL?MIOL=?  ?HN?L 2/ GC=? Q?L? IH ;
 )'<;=EALIOH>A?G;N=B?> )'GC=?Q?L?OM?>;MQCF>NSJ?=IHNLIFMFFGC=?
Q?L?G;CHN;CH?>IH;BFCABN>;LEM=B?>OF?QCNB;==?MMNIMN;H>;L>GIOM?=BIQ;H>Q;N?L






















Q?L? G;>? OMCHA NB? G;NLCR PCMO;FCT;NCIH ;H> ;H;FSMCM JF;N@ILG
 $"+"" LI;> &HMNCNON?

BNNJQQQ<LI;>CHMNCNON?ILA=;H=?LMI@NQ;L?$"+"" 01/&+$ CHN?L;=NIG? MI@NQ;L? Q;M












MOJ?LH;N;HN MOJ?LH;N;HN Q;M L?GIP?> ;H> NL;HM@?LL?> NI ;H ?GJNS NO<? 1B? J?FF?NQ;M
NB?HL?BIGIA?HCT?>CHPIFOG?MI@R"RNL;=NCIHO@@?L;H>BIGIA?HCT?>;N
7*@IL
GCHON?M ;N V  1B? MOJ?LH;N;HN MOJ?LH;N;HN  Q;M JIIF?> QCNB MOJ?LH;N;HN  ;H>
=?HNLC@OA?>;N
7*@ILGCH;NV 1B?J?FF?NQ;ML?MOMJ?H>?>CH/&-G)AI@
ILCACH;F NCMMO? ;H> MJOH >IQH ;N 
 7 * @IL GCH ;N V  ;H> ;H;FST?> OMCHAG;MM
MJ?=NLIG?NLS

 BFILI@ILGG?NB;HIFQ;N?L JLIN?CH JL?=CJCN;NCIH Q;M J?L@ILG?>







 L?MJ?=NCP?FS  !CA?MNCIH CH=O<;NCIH Q;M =IHNCHO?> IP?LHCABN U B ;H> MO<M?KO?HNFS
KO?H=B?>QCNB@ILGC=;=C>>OLCHANB?>?M;FNCHAMN?JQCNB 2FNL;*C=LI0JCH=IFOGHM
1B??@@FO?HNM @LIG NB?>?M;FNCHAMN?JQ?L?>LC?>;H> L?>CMMIFP?> CH]F#;H>]F
1# H ;FCKOINQ;M N;E?H NI I<N;CH NIN;F >CA?MN?> JLIN?CH ;GIOHN    >CFONCIH I@
-C?L=?/?N?HNCIH 1CG? ;FC<L;NCIH*CRNOL?  ;N  Q;M ;>>?> NI ?;=B M;GJF? JLCIL NI
CHD?=NCHAIHNB?2-) )1.,L<CNL;J")&1"G;MMMJ?=NLIG?N?L@ILHILG;FCT;NCIHI@)#.>;N;

);<?F#L??.O;HNCN;NCIH )#.Q;M J?L@ILG?> IH ; 1B?LGI0=C?HNC@C=."R;=NCP? -FOMG;MM






 ; L?MIFONCIH I@ 
Q;M ONCFCT?> @IL*0 ;H> *0*0 MJ?=NL;
Q;M ;=KOCL?> J?L*0 M=;H OMCHA % !  FF *0 -LI@CF? ;H>*0*0 =?HNLIC> J?;EM Q?L?
>?N?=N?>CHNB?,L<CNL;J1L;JJCHAQ;M=;LLC?>ION@ILGCH;N]FGCHCHO@@?L








1B? ) *0*0 >;N; Q;M JLI=?MM?> QCNB -LIA?H?MCM .& -LIN?IGC=M MI@NQ;L? +IHFCH?;L
!SH;GC=M
P?LMCIHQCNBJLIN?CHC>?HNC@C=;NCIH=;LLC?>IONOMCHANB?*;M=INM?;L=B;FAILCNBG
1B? -LIA?H?MCM .& MI@NQ;L? J?L@ILGM @?;NOL?J?JNC>? ?RNL;=NCIH
 =BLIG;NIAL;JBC=MJ?=NL;F
;FCAHG?HN IH? LOH CM=BIM?H;M; L?@?L?H=? @IL;FCAHG?HN
>;N; @CFN?LCHA
;H>KO;HNCN;NCIHI@
J?JNC>?M ;H> JLIN?CHM   HILG;FCT;NCIH @;=NIL @IL ?;=B LOH Q;M =;F=OF;N?> NI ;==IOHN @IL
>C@@?L?H=?M CH M;GJF? FI;> <?NQ??H CHD?=NCIHM ;M Q?FF ;M >C@@?L?H=?M CH CIHCT;NCIH  1B?
 
HILG;FCT;NCIH @;=NIL Q;M >?N?LGCH?> <S =IGJ;LCHA NB? ;<OH>;H=? I@ NB? MJCE? CH -C?L=?











HILG;FCT?>J?JNC>? CIH;<OH>;H=?M @IL?;=BJLIN?CH CH?;=B LOH
%?;NG;JMQ?L?G;>? OMCHA NB?G;NLCR PCMO;FCT;NCIH ;H> ;H;FSMCM JF;N@ILG
$"+"" LI;>
&HMNCNON?




#IL CGGOHI<FIN P;FC>;NCIH I@ G;MM MJ?= BCNM
 @IL?<L;CHM Q?L? BIGIA?HCT?> CH /&- <O@@?L
MOJJF?G?HN?>QCNB-BIM01,-Y;H>_=,GJF?N?Y*CHCJLIN?;M? CHBC<CNIL=I=EN;CF /I=B?
NI G?;MOL? JLIN?CH ?RJL?MMCIH 1B? JLIN?CH =IH=?HNL;NCIH CH NB? /&- MIFO<F? @L;=NCIH Q;M
>?N?LGCH?> <SL;>@IL> ;MM;S CI/;>-LIN?CHMM;S 1B?/&- MIFO<F? @L;=NCIHQ;M NB?H
GCR?> QCNB 0!0-$" M;GJF? FI;>CHA <O@@?L ;H> JLIN?CHM Q?L? L?MIFP?> <S 0!0-$"
@IFFIQ?> <S CGGOHI<FIN -LIN?CHM Q?L? ?F?=NLIJBIL?M?> NBLIOAB JL?=;MN  1LCMAFS=CH?
A?FM CI/;>;H> NL;HM@?LL?>QCNB;H CFIN1*$?F1L;HM@?L!?PC=? +IP?R)C@?1?=BHIFIAC?M
IHNI HCNLI=?FFOFIM? G?G<L;H?M &HPCNLIA?H*?G<L;H?M Q?L? CH=O<;N?> CH <FI=ECHA <O@@?L
/I=EF;H>
* @IL  B ;N/1*?G<L;H?MQ?L? NB?HQ;MB?> NBL?? NCG?M CH101

;H>CH=O<;N?>IP?LHCABNCHJLCG;LS;HNC<I>C?M1B?@IFFIQCHAJLCG;LS;HNC<I>C?MQ?L?OM?>L;N
;HNC)*- 0;HN;  LOT
 !
 M=












 ;H> GIOM? ;HNCa;=NCH %!  ?FF 0CAH;FCHA
1?=BHIFIAS
 


























 QCNBION JLIN?;M? CHBC<CNILM @N?L OFNL;=?HNLC@OA;NCIH ;N 
 R * @IL  GCH
 NB?
MOJ?LH;N;HNM Q?L? CGG?>C;N?FS MH;J@LIT?H @IL NB? ?HTSG? ;=NCPCNS ;MM;SM  ;N  ;=NCPCNS
;MM;S "*! *CFFCJIL?
   Q;M J?L@ILG?> ;==IL>CHA NI NB? G;HO@;=NOL?L^M JLINI=IFM
OMCHAbA<L;CH FSM;N?!--&&;=NCPCNS;MM;SQ;MJ?L@ILG?>OMCHA @FOILIA?HC=MO<MNL;N?%
)SMF;* ;=B?G






















 ?GHGQ;MG?;MOL?> CH3C=NIL 3JF;N? L?;>?L
-?LECH "FG?L #IL  ;N  ;H> !--&& ;MM;SM
 NB? @FOIL?M=?H=? P;FO? I@ ;FF M;GJF?M Q;M
=ILL?=N?> <S MO<NL;=NCHA NB? P;FO? I@ NB? M;GJF?M ;MM;S?> QCNB NB? CHBC<CNIL H *  
GCHIG?NBSF=IOG;LCH MN;H>;L> "*! *CFFCJIL?
   @IL  ;N 
 !--&&
 ;H> 1--







QCNB ; MFCABNGI>C@C=;NCIH LC?@FS




 ;H>2/  .(. ?G<LSI ;M L?JILN?> %O ?N ;F
  ;H> JF;N?> IHNI
-!)=I;N?>  Q?FF JF;N?M 
 =?FFMQ?FF ,H !&3 
 H?OLIHM Q?L? F;<?F?> QCNB 




 B NI L?GIP? @L?? ;GCHI ;=C>M @LIG MBILNFCP?> JLIN?CHM @N?L Q;MBCHA
 NB? H?OLIHM Q?L?
CH=O<;N?> CH @L?MB H?OLI<;M;F G?>COG MOJJF?G?HN?> QCNB  G* OHF;<?F?> F?O=CH? CH NB?





NB? J?FF?NM Q?L? >CMMIFP?> CH * +;,%
  MI>COG >?IRS=BIF;N? 1B? H?OLIHM Q?L?
Q;MB?>IH=?QCNBH?OLI<;M;FG?>COG;H>MIFO<CFCT?>CH+;,%
MI>COG>?IRS=BIF;N?








V  L;CHM Q?L? NB?H MFC=?> IH ; PC<L;NIG? )?C=; ;H> =IFF?=N?> ;M  bG @L??@FI;NCHA
M?=NCIHM0?=NCIHMQ?L?=IFF?=N?>CH-00?=NCIHMQ?L?<FI=E?>QCNB@CMBM?LOGP?M

1LCNIH5 CH-0 @IL  B
 @IFFIQ?> <S CH=O<;NCIHQCNB JLCG;LS ;HNC<I>S IP?LHCABN ;N
V  -LCG;LS ;HNC<I>C?M Q?L? >CFON?> CH @CMB M?LOG 
  1LCNIH 5 CH -0 1B?









 L;<<CN GIHI=FIH;F ;HNC K 89 ;<=;G
 ;<
  1B? M?=NCIHM Q?L?
Q;MB?> NBL?? NCG?MQCNB-0




G* O0, CH;GGIHCOG;=?N;N? @ILGCH 0=BH?FF?N;F
 &G;A?MI@ NBL??M?=NCIHM
@LIG?;=B;HCG;FQ?L?=;JNOL?>OMCHA)0*=IH@I=;FGC=LIM=IJSQCNB;_I<D?=NCP?F?HM
@IL !--&& IL 7?CMM RCI&G;A?L 7 ?JC@FOIL?M=?HN GC=LIM=IJS QCNB ; _ I<D?=NCP? F?HM @IL
 ! ;H>  K  #IL NB?  ! ;H>  K =ILNC=;F ;H;FSMCM
 NB? =ILN?R ;L?; >ILM;F NI NB?
BCJJI=;GJOMQ;M;MM?MM?>!--&&CG;A?MQ?L?;H;FST?>OMCHA&G;A?'MI@NQ;L?QCNB;MCHAF?






L;CHM Q?L? =IFF?=N?> ;H> JLI=?MM?> ;M >?M=LC<?> ;<IP? @N?L Q;MBCHA CH -0







-LCG;LS =OFNOL?> H?OLIHM Q?L? JL?J;L?> @LIG " 41 ;H>  .(.
	% ?G<LSI ;M
JL?PCIOMFS L?JILN?> %O ?N ;F
  ;H> JF;N?> IHNI -!)=I;N?>  Q?FF JF;N?M 

=?FFMQ?FF ,H !&3 














>CFON?> CH  HILG;F >IHE?S M?LOG
  1LCNIH 5 CH -0 1B? M;GJF?MQ?L?Q;MB?>
NBL?? NCG?M QCNB -0 ;H> CH=O<;N?> CH F?R; #FOIL  >IHE?S ;HNCGIOM? ;HNC<I>S
&HPCNLIA?H
 
  @IL  B &G;A?M I@ )SMI1L;=E?L ;H> *- MN;CHCHA Q?L?
;ONIG;NC=;FFS N;E?H OMCHA &G;A?5JL?MM*C=LI5)0 *IF?=OF;L!?PC=?M 5 I<D?=NCP? F?HM
)SMI1L;=E?LJIMCNCP?;L?;
G?;H @FOIL?M=?H=? CHN?HMCNS
;H> CHN?AL;N?> @FOIL?M=?H=? CHN?HMCNS
;H>*-JIMCNCP? ;L?;MQ?L? ;H;FST?> OMCHA &G;A?' P MI@NQ;L? +;NCIH;F &HMNCNON?M I@







 ;H> 1*"*G B?LLS JF;MGC>M Q?L? >?M=LC<?>
JL?PCIOMFS0N;AC?N;F
!?F?NCIHGON;HNMI@1*"*$#-F;=ECHA;;;H>








>;SM ;@N?L NL;HMC?HN NL;HM@?=NCIH









=,GJF?N?1* *CHC /I=B? @N?L OFNL;=?HNLC@OA;NCIH ;N 
 R A























  1B? M?=IH>;LS ;HNC<I>S OM?>Q;MF?R;#FOILX
=IHDOA;N?> >IHE?S ;HNCL;<<CN &A$ &HPCNLIA?H
 
  3?=N;MBC?F> GIOHNCHA
G?>C; QCNB !-& 3?=NILF;<M
 % Q;M OM?> NI MN;CH HO=F?C @N?L Q;MBCHA CH -0

@FOIL?M=?HNMN;CHMQ?L?PCMO;FCT?>IH7?CMMRCI&G;A?L7 @FOIL?M=?HNGC=LIM=IJ?QCNB;R
;CL I<D?=NCP? 4CNBCH NB? A;HAFCIH =?FF F;S?L
 NB? HOG<?L I@ CGGOHIMN;CH?> LH; =?FFM Q;M
=IOHN?>J?LG@IL?;=BL?NCH;FM?=NCIH@LIGNB?=?HNL;FL?ACIHM!;N;Q;M;P?L;A?>@LIG















1B?;JJ;L;NOM @IL NB?IJ?H@C?F> N?MN=IHMCMN?>I@;AL?S
=GQC>?_=GFIHA_=G
BCAB;=LSF;GC>?<IR
QCNB;HIJ?H NIJ &H>CPC>O;FGC=?Q?L?JF;=?> CH NB?=?HN?LI@ NB?<IR

;H>NB?NIN;F>CMN;H=?NL;P?F?>;H;FST?><S=IGJON?LQCNB NB?JLIAL;G>?M=LC<?>;<IP?1B?












0=C?HNC@C=/+Q;M L?P?LM?NL;HM=LC<?>OMCHA NB?CIL;> C0=LCJN =!+0SHNB?MCM(CN IL NB?






?RJL?MMCIH 1B? @IFFIQCHA JLI<?M @LIG 1B?LGI #CMB?L 0=C?HNC@C= Q?L? OM?> $-!%
*G:A
 0)  *G:G





  K *G:G
  K








/"$"+1IL/"0,2/ " 0,2/ " &!"+1&#&"/
HNC<I>C?M
/;N;HNC)*-! 0;HN; LOT 0=
$I;N;HNCGIOM? ;NB?JMCH /!0SMN?GM #









*IOM?;HNC$#- 0;HN; LOT 0=
/;N;HNCGIOM? ! <!0?LIN?= * 
/;<<CNGIHI=FIH;F;HNC K89 ;<=;G <
*IOM?;HNC+?O+ *CFFCJIL? *
*IOM?;HNC*- *CFFCJIL? *


















%)SMF;*  ;=B?G &

















$#-NL;JX:ECN  BLIGIN?E AN;E








































































*S=!!(N;AA?>31-;?- ,LCA?H? / 
*S=!!(N;AA?>31-;M?3= ,LCA?H? / 
*S=!!(N;AA?>31-;M?3> ,LCA?H? / 
















































































































































































  D7EG>F 8DA?3@ ;@67B7@67@F7JB7D;?7@F E:AI;@9#KEA+D35=7DBAE;F;H73D73#KEA+D35=7D?73@ 8>GAD7E57@57
;@F7@E;FK #KEA+D35=7D ;@F79D3F76 8>GAD7E57@57 ;@F7@E;FK 3@6 $'BAE;F;H7 3D73 ;@ .+ 3@6 	
BD;?3DK5G>FGD76@7GDA@E	$73@ME7?B	B	B	,@B3;D76+F7EF	
 D7EG>F 8DA? 3@AF:7D ;@67B7@67@F 7JB7D;?7@F E:AI;@9 #KEA+D35=7DBAE;F;H7 3D73 #KEA+D35=7D ?73@









 ''!! 35F;H;FK GE;@9!-




 +'' 35F;H;FK GE;@9!-




 #KEAEA?3> BDAF7A>KE;E  A8!-








.,96*   










$73EGD7?7@FEI7D7 F3=7@ ;@ F:7 57@FD3> D79;A@E A8 F:7 D7F;@3	$73@M E7? @  












$! 3,  #&09* 
%*$,* FE6 	 	 	 	 	
%*$,* $?6 	 	 	 	 	
%*$,* 6 	 	 	 	 	
%*$,* FEE 	 	 	 	 	
%*$,* )D393 	 	 	 	 	
%*$,* *>53 	 	 	 	 	
%*$,* #3?B 	 	 	 	 	
%*$,* FE4 	 	 	 	 	
%*$,* $3@4 	 	 	 	 	
%*$,* D:4B 	 	 	 	 	
%*$,* FEL 	 	 	 	 	
%*$,* #3?B 	 	 	 	 	
%*$,* %B5 	 	 	 	 	
%*$,* FE5 	 	 	 	 	
%*$,* 6 	 	 	 	 	
%*$,* -BE3 	 	 	 	 	
%*$,* #?4D6 	 	 	 	 	
%*$,*  7J4 	 	 	 	 	
%*$,* FB4 	 	 	 	 	
%*$,* ?3 	 	 	 	 	
%*$,* )34 	 	 	 	 	
%*$,* )34 	 	 	 	 	
%*$,* 'D5B 	 	 	 	 	
%*$,* +@83;B 	 	 	 	 	
%*$,* D@ 	 	 	  
%*$,* B9 	 	 	 	 	
%*$,* K5A 	 	 	 	 	
%*$,* *FJ4B 	 	 	 	 	












*)2$&,* #KEAEA?7?7?4D3@7BDAF7;@&*$GE?GE5G>GE%*53D4'*- 	 	 	
 /2$&,* 7F3:7JAE3?;@;63E7EG4G@;F47F3&*$GE?GE5G>GE% 7J4'*- 	 	 	
''2$&,* #KEAEA?3>BDAF75F;H7BDAF7;@&*$GE?GE5G>GE%FE3'*- 	 	 	
+''2$&,* +D;B7BF;6K>B7BF;63E7&*$GE?GE5G>GE%+BB'*- 	 	 	
+2$&,* 3F:7BE;@&*$GE?GE5G>GE%FE4'*- 	 	 	
#02$&,* #KEAEA?3>3>B:39>G5AE;63E7&*$GE?GE5G>GE%33'*- 	 	 	
+#2$&,* 3F:7BE;@#&*$GE?GE5G>GE%FE>'*- 	 	 	
'2$&,* DAGB/-B:AEB:A>;B3E7&*$GE?GE5G>GE%'>39'*- 	 	 	
*+/2$&,* *K@F3J;@&*$GE?GE5G>GE%*FJ'*- 	 	 	
%"2$&,* @=KD;@&*$GE?GE5G>GE%@='*- 	 	 	
'#2$&,* ':AEB:A>;B3E7&*$GE?GE5G>GE%'>6'*- 	 	 	
'##2$&,* 'GF3F;H7B:AEB:A>;B3E7>;=7&*$GE?GE5G>GE%'>46'*- 	 	 	
**02$&,* D9;@;@AEG55;@3F7EK@F:3E7&*$GE?GE5G>GE%EE'*- 	 	 	
*'2$&,* 3@9>;AE;67$35F;H3FAD&*$GE?GE5G>GE%?3'*- 	 	 	
%2$&,* >B:3%357FK>93>35FAE3?;@;63E7&*$GE?GE5G>GE%%393'*- 	 	 	
+$*2$&,* +D3@E?7?4D3@7EGB7D83?;>K?7?47D&*$GE?GE5G>GE%+?E8'*- 	 	 	
''2$&,* ;B7BF;6K>B7BF;63E7&*$GE?GE5G>GE%BB'*- 	 	 	
#&+2$&,* >AF;>>;@&*$GE?GE5G>GE%>AF'*- 	 	 	














$! 03,  #&09* 
%*$,* %AE ;%&* 	 	 	 	 	
%*$,* !>4 !#R 	 	 	 	 	
%*$,* +EBA +*'& 	 	 	 	 	

!> !# @	6	
   

+@8 +%Q @	6	
   

J5> /# @	6	
   

5> $' @	6	
   %*$,* +984 +R 	 	 	 	 	
%*$,* +984 +R 	 	 	 	 	
%*$,* +984 +R 	 	 	 	 	
%*$,* !> !# 	 	 	 	 	
%*$,* #93>E 3>75F;@ 	 	 	 	 	

)7F@>3 ;LL @	6	
   

D9 ) @	6	
   

!> !# @	6	
   

:;> 0? @	6	
   %*$,* ;8 !43 	 	 	 	 	
%*$,* !F93? 4 	 	 	 	 	
%*$,* 'FBD5  	 	 	 	 	












$! 3,  #&09* 
%*$,* *5945 	 	 	 	 	
%*$,* +?BDEE 	 	 	 	 	
%*$,* B;83 	 	 	 	 	
%*$,* )FB 	 	 	 	 	
%*$,*  ;83 	 	 	 	 	
%*$,* 4D 	 	 	 	 	
%*$,* ? 	 	 	 	 	
%*$,* "DF 	 	 	 	 	
%*$,* /6: 	 	 	 	 	
%*$,* 6 	 	 	 	 	
%*$,* )JD9 	 	 	 	 	
%*$,* *>53 	 	 	 	 	
%*$,* '7D 	 	 	 	 	
%*$,* $=> 	 	 	 	 	
%*$,* $7DF= 	 	 	 	 	
%*$,* GEB 	 	 	 	 	
%*$,* (= 	 	 	 	 	
%*$,* 3D 	 	 	 	 	
%*$,* 5B 	 	 	 	 	
%*$,* $3@3 	 	 	 	 	
%*$,* *7BF 	 	 	 	 	
%*$,* $39 	 	 	 	 	
%*$,* $4B 	 	 	 	 	
%*$,* 34 	 	 	 	 	
%*$,* BD 	 	 	 	 	
%*$,* +?7?4 	 	 	 	 	
%*$,* @B 	 	 	 	 	
%*$,* <5 	 	 	 	 	
%*$,* $A9 	 	 	 	 	
%*$,* +EB3@ 	 	 	 	 	
%*$,* $A4B 	 	 	 	 	
%*$,* '>B 	 	 	 	 	
%*$,* 3: 	 	 	 	 	
%*$,* EB3 	 	 	 	 	
%*$,* >6@ 	 	 	 	 	
%*$,* +D;? 	 	 	 	 	
%*$,* $3> 	 	 	 	 	
%*$,* @BB 	 	 	 	 	
%*$,* @>@ 	 	 	 	 	
%*$,* )3E6 	 	 	 	 	
%*$,* D?@ 	 	 	 	 	
%*$,* +D;? 	 	 	 	 	
%*$,* ,9F3 	 	 	 	 	
%*$,* F@BB> 	 	 	 	 	
%*$,* 'D=56 	 	 	 	 	
%*$,* #78FK 	 	 	 	 	
%*$,* 'D6? 	 	 	 	 	
%*$,* 3>5D 	 	 	 	 	
%*$,* +?7?4 	 	 	 	 	
%*$,* HB 	 	 	 	 	
%*$,* ? 	 	 	 	 	
%*$,* &JF 	 	 	 	 	
%*$,* ? 	 	 	 	 	













$! 3,  #&09* 
%*$,* %AE 	 	 	 	 	
%*$,* !>4 	 	 	 	 	
%*$,* +EBA 	 	 	 	 	

!> @	6	
   

F@8 @	6	
   

5J5> @	6	
   

55> @	6	
   %*$,* +984 	 	 	 	 	
%*$,* +984 	 	 	 	 	
%*$,* +984 	 	 	 	 	
%*$,* !> 	 	 	 	 	
%*$,* #93>E 	 	 	 	 	

D7F@>3 @	6	
   

3D9 @	6	
   

!> @	6	
   

5:;> @	6	
   %*$,* ;8 	 	 	 	 	
%*$,* !F93? 	 	 	 	 	
%*$,* 'FBD5 	 	 	 	 	
%*$,* 'DK 	 	 	 	 	
%*$,* +KDA4B 	 	 	 	 	
%*$,* +D7? 	 	 	 	 	
%*$,* 6 	 	 	 	 	
%*$,* $E3 	 	 	 	 	
%*$,* ?D 	 	 	 	 	
%*$,* C3 	 	 	 	 	
%*$,* C4 	 	 	 	 	
%*$,* #KL 	 	 	 	 	
%*$,* FEE 	 	 	 	 	
%*$,* FEL 	 	 	 	 	
%*$,* K43 	 	 	 	 	
%*$,* #3?B 	 	 	 	 	
%*$,* 4 	 	 	 	 	
%*$,* '>7= 	 	 	 	 	
%*$,* 6 	 	 	 	 	
%*$,* $KA8 	 	 	 	 	
%*$,* 6 	 	 	 	 	

55> @	6	
   )76'DA;@8>3??3FADK97@7E>G7@F;;@8>3??3FADK97@7ED77@$;5DA9>;3>?3D=7DE'GDB>7+%

